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THE EFFECT OF AREA AND ASPECT RATIO ON THE YAWING MOMENTS OF 
RUDDERS AT LARGE ANGLES OF PITCH ON THREE FUSELAGES 

By Hugh L. Detdbn and B. H. Monish 



SUMMARY 

In view of the paucity of data, on the effect of systematic 
changes in the vertical tail surfaces, measurements have 
been made of the yawing moments produced by rudder 
displacement for seven rudders mounted on each of three 
fuselages at angles of pitch of0°, 8°, 18°, 80°, 30° and 
40°. The dimensions of the rudders were selected to 
cover the range of areas and aspect ratios commonly used, 
while the ratios of rudder area to fin area and of rudder 
chord to fin chord were kept approximately constant. 

An important result of the measurements is to show 
that increased aspect ratio gives increased yawing mo- 
ments for a given area, provided the 'maximum rudder 
displacement does not exceed, say, 85°. If large rudder 
displacements are used, the effect of aspect ratio is not so 
great. 

The work was conducted at the Bureau of Standards 
in cooperation with the Aeronautics Branch of the De- 
partment of Commerce and the National Advisory Com- 
mittee for Aeronautics. 

INTRODUCTION 

Previous studies of the effectiveness of rudders have 
usually been made in connection with the design of a 
particular airplane. By the method of trial and error, 
an arrangement of the vertical surfaces is found which 
gives a satisfactory yawing moment for a given angular 
displacement of the rudder as judged by comparison 
with measurements on models of airplanes whose rud- 
der control is known to be satisfactory. Such measure- 
ments do not readily lend themselves to analysis or to 
the determination of the influence of the several fac- 
tors, such as the area and aspect ratio of the vertical 
tail surfaces, on the magnitude of the yawing moments. 
The present investigation represents a beginning at 
least of a systematic study of the effect of the area 
and the aspect ratio of the vertical surfaces, of the 
angle of pitch, and of the shape of the fuselage on the 
yawing moments produced by rudder displacement. 

DESCRIPTION OF APPARATUS AND MODELS 

Wing. — The model is a monoplane and is of wooden 
construction. The wing is rectangular in plan form, 
having a chord of 10 inches and a span of 60 inches. 



The profile and coordinates of the wing section (the 
Clark Y) are given in Figure 1. f§| 
Fuselages. — Three different fuselage shapes were 
used, designated as open flat deck, open round deck 
and cabin. The shapes and dimensions are shown in 
Figures 2, 3, and 4. The open flat deck and open 
round deck fuselages differ only in the shape of the 
upper part of the fuselage aft of the front cockpit. 
The length of the fuselage is 65 per cent of the wing 
span. The location of the wing was determined to 
satisfy the following relations: (1) the center of grav- 
ity to be 50 per cent of the wing span forward of the 
rear end of the fuselage (which was to be the rudder 
axis); (2) the center of gravity to be at a distance 
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Fioote L — Dimensions of Olark Y wing section 



equal to 25 per cent of the wing chord aft of the lead- 
ing edge of the wing; (3) the leading edge of the wing 
to be 35 per cent of the chord above the top of the 
fuselage; (4) the angle of incidence of the wing to the 
axis of the fuselage to be 4°. The position of the cen- 
ter of gravity is indicated in Figures 2, 3, and 4 at C. 

The cabin fuselage is a little shorter but' all of the 
above conditions were satisfied except (3). Instead of 
relation (3), the chord of the wing was placed in coin- 
cidence with the upper deck of the cabin fuselage. 

Horizontal tail surfaces. — The area of the horizontal 
tail surfaces was chosen equal to 15 per cent of the 
wing area, and the chord as 50 per cent of the wing 
chord. The span was adjusted to permit a cut-out to 
give clearance for rudder displacements of 44°. A 
rectangular plan form was used and the angle of inci- 
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dence to the fuselage axis was made 0°. The dimen- 
sions and arrangement axe shown in Figure 5. 

Budders. — To decrease the number of independent 
variables, the plan form of rudder and fin was made 
rectangular, the rudder hinge was located at the rear 
end of the fuselage, the bottom of the rudder was set 
at the bottom of the fuselage, and the top edge of 
the rudder was placed in line with the top edge of the 
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Fiotoe 2.— Open flat deck fuselage 



fin. In addition, an attempt was made to keep the 
ratio of the area of the rudder to the area of the fin 
constant and equal to 2.0 and the ratio of the chord 
of the rudder to the chord of the fin constant and 
equal to 1.14, these values being selected after a study 
of the designs of present-day airplanes. 

The airfoil sections of the several rudder and fin 
groups were also maintained geometrically similar so 



far, as possible. The section adopted is an arbitrary 
one, having a thickness ratio of approximately 0.050 
and built up of flat surfaces with a rounded nose. 
The radius of curvature of the nose is approximately 
one-fourth the maximum thickness of 0.0125 times the 
chord. The maximum thickness is reached at one- 
third the chord. The forward part of the section is 
wedge-shaped; from one-third the chord to the rudder 
hinge, the thickness is constant; while the rudder itself 
is wedge-shaped, tapering to a sharp trailing edge. 
The surfaces were made of wood to ah accuracy of 0.01 
inch. 

The primary variables were intended to be the area 
of the rudder, which was to vary from 2 to 6 per cent 
of the wing area, and the aspect ratio of the fin and 
rudder group, which was to vary from 0.75 to 2.5. 
In accordance with the most recently approved defini- 
tion (reference 2) the area of the vertical fin contained 
within the fuselage is not included in the fin area. 
Seven models were originally selected, divided into 
two groups, a constant area group and a constant aspect 
ratio group. Later an eighth model was interpolated 
to study the effect of variation of the ratio of the chord 
of the rudder to the chord of the fin. 

The dimensions of the eight rudders are given in 
Figure 5 and certain additional data is assembled in 
Table I. Aspect ratio is denned as the ratio of the 
square of the span (dimension B) to the area of rudder 
and fin (excluding the part within the fuselage). 
Area ratio when used without qualification is under- 
stood to be the ratio of the area of rudder and fin to the 
wing area. 



TABLE I 

DIMENSIONS AND RELATED DATA ON THE MODEL RUDDERS 
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It will be observed that because of conflicting re- 
quirements it was not possible to secure an exact 
constancy of all variables but one. In the. variable 
aspect ratio group including rudders 1, 2, 3, and 4, the 
area ratio varies from 0.0486 to 0.0502, the ratio of 
rudder area to fin area from 1.88 to 2.73, the ratio of 
rudder chord to fin chord from 0.900 to 1.209. In 
rudder 4A, the ratio of rudder chord to fin chord was 
made 0.900 to agree with that for rudder 1, but the 
area ratio was necessarily increased to 0.0555 and 
the ratio of rudder area to fin area was reduced to 1.40. 
In the variable area group, rudders 3, 5, 6, and 7, the 
aspect ratio varies from 1.65 to 1.88, the ratio of_ 



rudder area to fin area from 1.77 to 2.51, and the ratio 
of rudder chord to fin chord from 1.135 to 1.140. In 
both groups there are small variations in the airfoil 
section, the thickness ratio varying from 0.046 to 
0.051 and the position of the maximum ordinate from 
32 to 39 per cent of the chord. Except for rudders 1 
and 4A, the variations are negligible, and are within 
the accuracy of construction of the models. The 
models selected therefore represent compromises, and 
the effects of the shape of the airfoil section, the ratio 
of rudder area to fin area, and of rudder chord to fin 
chord are not completely eliminated. 
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The rudders 'were hinged to the fins as shown in 
Figure 6. A brass plate on the end of the vertical fin 
and cut to the shape of the fin cross section carried a 
steel pivot which engaged a socket in a brass plate 
fastened to the rudder. The gap between the rudder 
and fin was sealed with a thin layer of petroleum jelly. 
■Wires running from the trailing edge of the rudder 
were fastened to the horizontal tail surface to hold 




Fiodee 3. — Open round deck fuselage 

the rudder at any desired angle. The settings to the 
desired angles were made by the aid of metal tem- 
plates. These settings were made with respect to 
the fixed surface, which had been aligned with the 
axis of the model. The axis of the model was set at 
the desired angle of pitch and at 0° yaw with respect 
to the wind by means of reference lines determined in 
previous tests by the usual methods, i. e., from results 




Fmtoe 4. — Cabin fuselage 

obtained on airfoils in the normal and inverted posi- 
tions and from yawmeter readings. 

Wind tunnel and balance arrangement. — The meas- 
urements were made in the 10-foot wind tunnel of 
the Bureau of Standards, which has been described in 
reference 1. The model was mounted with the leading 
edge of the wing vertical on a mast extending from 
the tunnel wall as shown in Figure 7. On the end of 
the mast and contained within a housing inserted in 
the fuselage at the intended center of gravity position 
149900—33 45 



was a joint designed to give free motion in yaw about 
an axis perpendicular to the axis of the fuselage and 
in the plane of symmetry of the model, i. e., about a 
"body" axis. No motion in roll was permitted, but 
the angle of pitch could be varied and the model 
locked at any desired angle of pitch. The yawing 
moment was balanced by the tension in a vertical 
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Fiqtjee 5.— Dimensions and arrangement of tail surfaces 

wire running from a point on the fuselage near the 
tail to a balance of the pendulum type. A counter- 
weight was used when necessary to maintain tension 
in the wire. The drag force on the wire tended to 
bow the wire and thus change the angle of yaw. This 
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BtaUBE 6.— Method of hinging rudders 



effect and the similar change caused by motion of 
the pan of the balance was eliminated by adjusting a 
turnbuckle in the wire to keep the tail of the model 
in a fixed position, determined by sighting a mark on 
the tail through a fixed telescope. 
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REDUCTION OF OBSERVATIONS 

Observations were made of the balance readings 
with each rudder set at 0°, 8°, 16°, 24°, 32°, and 44° 
to the left and also to the right, the model remaining 




Tiodbe 7.— Balance arrangement for measurements of yawing moment 

at 0° yaw, for wind speeds of 40, 58.7, and 80 feet 
per second (27.3, 40, and 54.5 miles per hour) and for 
angles of pitch of 0°, 8°, 12°, 20°, 30°, and 40°. The 
mean of the readings with rudder to the right and to 
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15° 20° 25° 
Pitch angle 

Figure 8.— Yawing moment coefficients for rodder No. 1 (aspect ratio 0.77, 
area ratio O04S6) on open flat deck fuselage. (Angles marked on curves 
are rudder angles) 

the left was used to compute the mean yawing moment 
produced by the given rudder displacement, a pro- 
cedure which greatly reduces errors due. to lack of 
symmetry and faulty alignment with the wind. The 
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30° 35° 40° 



Figure 9.— Tawing moment coefficients for rudder No. 2 (aspect ratio L28, 
area ratio 0.0194) on open flat deck fuselage. (Angles marked on curves are 
rudder angles) 

results were then reduced to the usual dimensionless 
coefficients in accordance with the relation 



0 N - 



N 



where 

Gh — absolute yawing moment coefficient 

2V — yawing moment due to a given rudder dis- 
placement in pounds-feet 

g —velocity pressure -KpV 2 = 0.001189 V 3 

V — wind speed in feet per second 

p — the density of air, i. e., 0.002378 slugs per 
cubic foot at 15° Q. and 760 mm pressure 




15° 20° 25° 
Pitch angle 

Figurb 10— Yawing moment coefficients for rudder No. 3 (aspect ratio 1.7fi, 
area ratio 0.0502) on open flat deck fuselage. (Angles marked on curves are 
rudder angles) 

S — wing area in square feet (chord length X 
span) 

/ — the distance in feet from the center of rota- 
tion of the model to the hinge line of the 
rudder (30 inches for the models used. 
See figs. 2, 3, and 4). 
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O 5° 10° 15° 20° 25° 30° 35° 40° 
Pitch angle 

Figure II.— Yawing moment coefficients for rudder No. i (aspect ratio 2.61, 
area ratio 0.0403) on open flat deck fuselage. (Angles marked on curves 
are rudder angles) 

Moments tending to move the right wing tip to the 
rear as viewed from the pilot's seat are positive. 
Displacement of the rear edge of the rudder toward 
the right wing tip gives positive moments. The 
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O 5° 10° 15° 20° 25° 30° 35° 40° 
Pitch angle 

Figure 12.— Yawing moment coefficients for rudder No. 8 (aspect ratio 1.88, 
area ratio 0.0280) on open flat deck fuselage. (Angles marked on curves 
are rudder angles) 

values given are averages for right and left displace- 
ments. 

• Note that /Is used instead of the span, 6. The coefficient, C. recently adopted 
by the N. A. O. A. is equal for this model to H Cu. 
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Since the scale effect was small as shown by the ab- 
sence of systematic variation of C N with speed, the 
values for the three speeds were plotted and a faired 
curve drawn through all the points. Values from the 
faired curves are plotted in Figures 8 to 29 inclusive. 
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0 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fiqube 13.— Yawing moment coefficients for rodder No. 6 (aspect ratio 1.68, 
area ratio 0.0723) on open flat deck fuselage. (Angles marked on corves 
aro rodder angles) 

A consideration of the sensitivity of the balance 
and the steadiness of its reading fixes the final pre- 
cision of 0 N as about ±0.001. Since the curves may 




O 5° 10° 15° 20° 25° 30° 35° 40* 



Pitch angle 

Figure 14.— Yawing moment coeffldenta for rodder No. 7 (aspect ratio L65, 
area ratio 0.0058) on open flat deck fuselage. (Aogle3 marked on corves 
are rodder angles) 

easily be read to this precision, tabular values are not 
given. 

ANALYSIS OF THE RESULTS 

Reference to Figures 8, 9, 10, and 11 shows that the 
variation of On with rudder angle is in all cases ap- 
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O 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fioube IE.— Yawing moment coefficients for rodder No. 1 (aspect ratio 0.77, 
area ratio 0.0488) on open round deck foselage. (Angles marked on corres 
are rudder angles) 

proximately linear for angles up to 20° or 25°. The 
rate of variation increases with increase in aspect 
ratio, so that if rudder angles are limited to 20° or 



25°, increased yawing moments can be obtained by 
increasing the aspect ratio without increase of area. 
However, it will be noted that for small aspect ratio 
(fig. 8) the yawing moment increases almost linearly 
with rudder angle up to the greatest angle used, 44°, 
whereas for large aspect ratio (fig. 11), .the rate of 
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O 5° 10" 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fioube 18.— Yawing moment coefficients for rodder No. 2 (aspect ratio L28, 
area ratio 0.0494) on open round deck fuselage. (Angles marked on corves 
are rudder angles) 

increase falls off greatly above rudder angles of 25°. 
The values of the yawing moment for a rudder dis- 
placement of 44° show only a small variation with 
aspect ratio. Hence if the rudder travel may be as 
large as 44°, there is little advantage in increasing the 
aspect ratio. 




O 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fioube 17.— Yawing moment coeffldente for rudder No. 3 (aspect ratio 1.76, 
area ratio 0.0602) on open roond deck fuselage. (Angles marked on corves 
are rodder angles) 

The effect of increasing the angle of pitch from angles 
below the stalling angle of the wing to angles Above the 
stall is to greatly decrease the yawing moment at a 
given rudder setting. However at large angles of 
pitch and large rudder angles, the yawing moment 
does not continue to decrease with increasing angle of 




O 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fioube 18.— Yawing moment coeffldents for rodder No. 4 (aspect ratio JLEl, 
area ratio 0.0498) on open rormd deck foselage. (Angles marked on corves 
are rodder angles) 

pitch but remains nearly constant or even increases 
slightly. For rudder angles less than 25°, the decrease 
is greatest for rudders of large aspect ratio so that the 
effect of aspect ratio is relatively less important at high 
angles of pitch than at low angles. For large rudder 
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O 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fiotoe 19.— Yawing moment coefficients tor rudder No. 6 (aspect ratio 1.83, 
area ratio 0.0280) on open round deck fuselage. (Angles marked on curves are 
rudder angles) 
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O 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fiotoe 23.— Yawing moment coefficients for rudder No. 2 (aspeot ratio L26, 
area ratio 0.0494) on cabin fuselage. (Angles marked on curves are rudder 
angles) 




O 5° 10° 15° 20° 25° 
Pitch angle 

Figure 20.— Yawing moment coefficients tor rudder No. 6 (aspect ratio L68, 
area ratio 0.0728) on open round deck fuselage. (Angles marked on curves 
are rudder angles) 




0 5° 10° 15° 20° 25° 30° 35° 40° 
Pitch angle 

Figure 2L— Yawing moment coefficients tor rudder No. 7 (aspect ratio L66, 
area ratio 0.0958) on open round deck fuselage. (Angles marked on curves 
are rudder angles) 
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15° 20° 25° 
Pitch angle 

Fiotoe 22.— Yawing moment coefficients tor rudder No. 1 (aspect ratio 0.77, 
area ratio 0.04S6) on cabin fuselage. (Angles marked on curves are rudder 
angles) 




O 5° 10° . 15° 20° 25° 30° 35° 40° 
Pitch angle 

Fiotoe 24.— Yawing moment coefficients for rudder No. 3 (aspect ratio 1.76, 
area ratio 0.0602) on cabin fuselage. (Angles marked on curves are rudder 




n 5' 10° 15° 20° 25° 30° 35° 40° 
Pitch angle 

Fiotoe 26.— Yawing moment coefficients for rudder No. 4 (aspeot ratio Z61, 
area ratio 0.0198) on cabin fuselage. (Angles marked on curves are rudder 
angles) 




fi ' 5° 10° 15° 20° 25° 30° 35° 40° 
Pitch angle 

Fiotoe 28.— Yawing moment coefficients for rudder No. 4A (aspect ratio 2.24, 
area ratio 0.0556) on cabin fuselage. (Angles marked on curves are rudder 
angles) 
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15° 20° 25° 30° 35° 40° 
Pitch angle 

Fiotoe 27.— Yawing moment coefficients for rudder No. 5 (aspect ratio 1.83, 
area ratio 0.0280) on cabin fuselage. (Angles marked on curves are rudder 
angles) 
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angles (44°), on the other hand, the decrease is great- 
est for rudders of small aspect ratio and the rudder 
moment falls off rapidly between angles of pitch of 10° 
to 30°. With rudders of larger aspect ratio, the de- 
crease in the rudder moment is less. (Compare figs. 34 
and 35, 36 and 37.) 

The mass of data given in Figures 8 to 29 is of lim- 
ited value unless some attempt at analysis is made. 
Figures 30, 31, 32, and 33 are cross plots, illustrating 
the effect of area-ratio, i. e., the ratio of the area of 




O 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fioube 28.— Yawing moment coefficients for rudder No. 6 (aspect ratio 1.68, 
area ratio 0.0728) on cabin fuselage. (Angles marked on corves are rudder 
angles) 

rudder and fin to the wing area. It will be noted that 
the variation is approximately linear, but the lines do 
not pass through the origin. If attention is confined 
to rudder angles less than 25°, it will be observed that 
the curves may be fitted reasonably well by lines inter- 
secting the axis of abscissas at the point, area ratio 
= 0.0075. Hence, within the limits, 0.03 to 0.10, 
for the area ratio, we may assume that the yawing 
moment is proportional to (area ratio — 0.0075). 




O 5° 10° 15° 20° 25° 30° 35° 40° 



Pitch angle 

Fioube 29.— Yawing moment coefficients for rudder No. 7 (aspect ratio 1.66, 
area ratio 0.0068) on cabin fuselage. (Angles marked on curves are rudder 
angles) 

Figures 34, 35, 36, and 37 illustrate the effect of aspect 
ratio. The relations are here not so simple. 

At 0° angle of pitch, the large rudder moments ob- 
tainable with large rudder angles (in the neighbor- 
hood of 44°) depend upon the area ratio rather than 
the aspect ratio. For rudder angles roughly 25° and 
less and for high angles of pitch in the neighborhood 
of 30°, the rudder moments increase with aspect ratio. 



In order to give a general picture of the data in con- 
densed form, an attempt was made to fit the data by 
means of empirical curves. In this analysis attention 
was centered on rudder angles less than 25°, and the 
first step was to compute the average slopes of the 
curves of yawing moment coefficient against rudder 
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Area ratio, Sn/S-m 
Fioube 80.— Effect of area ratio (aspect ratio L 65-1.88) on yawing moment coeffi- 
cients of ladders on open round deck fuselage at 0° pitch. (Angles marked on 
carves are rudder angles) 

angle. (The curves are not published.) The next step 
was to divide the average slopes by the quantity (area 
ratio — 0.0075). The numbers so obtained were plotted 
as a function of the aspect ratio for each fuselage and 

•IO\ 1 1 1 1 1 1 1 1 — —i 1 1 
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Area ratio, So/Sv 
Fioube 3L— Effect of area ratio (aspect ratio L65-1.88) on yawing moment coeffi- 
dents of rudders on open round deck fuselage at 30° pitch. (Angles marked on 
curves are rudder angles) 



angle of pitch and fitted by empirical curves. The 
final results are summarized in Tables II and III, in 
which 5=rudder angle, .A ar =area ratio, A a , a aspect 
ratio. 
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TABLE n 

EMPIRICAL EQUATIONS REPRESENTING OBSERVED 
DATA ON TAWING MOMENTS DUE TO RUDDER 
DISPLACEMENT 

CV-CoefflcIent of yawing moment, a-mdder angle (-^25°), A*,— ana ratio, A mM — 
aspect ratio. 

Open Bound Deck Fuselage 



Angle of 
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C.v - ! (. 4«— 0. 0076) fa0129+O.M03 ~u 

cv-jm«— aoo76) (aoiOT+aaBS^i*,) 
Cn"ilA„-o.«nm (aocee+aoosi^ 

Cj?-J(.4«,-0.0075) (0.0092+0.0078 j 
Open Flat Deck Fuselage 
CV~JC/SU-0.0076) «L510-°4^ 

A*M J 

CN-S(A* r -0.0OTS) (a04£9-°^^^ 
Cfr-6M^-0.0075) (0.0160+0.0091 AJ\ 

c.v=a64«r-aoo76) (aouo+aooeox^ 
CwJM«-aoo7« (aoi8o+aoo55vO 

Cw-iU~-0.0076) (0.0160+0.0017 vlj 

Oabbj Fuselage 
Cfc~3(.rl«r-0.0075) (a0505-°Jg?') 
Cv-J(-4*,-a007fi) (0.0385-2^!) 

Cw-«M«,-aoo7«) (aou7+aoo5S^.) 

Cir-«(k*-0.0076) <0.0130+0.0060-4*.) 

OwJM-r-aoo70 (o.ouo+aoosa^i 

C*-»£l«-0.0076) (0.0067+0.0048^ 



From these equations, the value of— r-. 

5 {A^r- 0.0075) 

at certain values of aspect ratio and angle of pitch are 
computed and given in Table LTL 



TABLE in 



VALUES OF 



S (A ar — 0.0076) 

P1RICAL EQUATIONS 

Open Bound Deck Fuselage 



COMPUTED FROM EM- 



s 


0° 


8° 


12° 


20° 


30° 


10° 


A~ 














J.0 


0.0270 


0.0266 


0.0235 


a 0205 


a 0177 


a 0170 


L6 


.0338 


.0319 


.0278 


.0264 


.0217 


.0209 


2.0 


.0370 


.0361 


.0311 


.0303 


.0268 


.0218 


2.5 


.0390 


.0370 


.0391 


.0352 


.0298 


.0287 


Open Flat Deck Fuselage 


L0 


a0269 


0.0251 


a 0241 


a 0210 


a 0205 


a 0197 


L6 


.0366 


.0320 


.0286 


.0210 


.0233 


.0221 


2.0 


.0396 


.0366 


.0332 


.0270 


.0260 


.0211 


2.6 


.0117 


.0376 


.0377 


.0306 


.0287 


.0267 


Cabin Fuselage 


L0 


0.0276 


0.0229 


a 0205 


aoieo 


a 0166 


a 0116 


LS 


.0362 


.0271 


.0231 


.0220 


.0194 


.0139 


2.0 


.0390 


.0297 


.0263 


.0260 


.0222 


.0163 


2.6 


.0113 


.0311 


.0292 


.0280 


.0260 


.0187 



Before drawing any conclusions from these tables, or 
equations, some attention should be directed to the 
precision with which the empirical equations fit the 
observed data. It has already been stated that the 
precision of measurement of C N is ±0.001. "When the 
deviations between the measurements and the empir- 
ical curves are computed, it is found that t^ro-thirds 
of the deviations are less than 0.001 and nine-tenths 
are less than 0.002. There is some evidence of sys- 



tematic deviation, especially in the case of rudder 1 of 
aspect ratio 0.77, but on the whole, the fit is considered 
satisfactory. The method of deriving the empirical 
equations is such that no. fairing with angle of pitch 




.04 .06 
Area ratio, Sr/S* 
Figube 82.— Effect of area ratio (aspect ratio 1.66-L88) on yawing moment cooffl- 
dents of readers on cabin fuselage at 0° pitch. (Angles marked on curves aro 
mdder angles) 

has been made. Thus some discrepancies become ap- 
parent on cross-plotting against angle of pitch. 

The empirical equations are not suggested as appli- 
cable to design problems in general. For example, the 
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.04 .06 
Area ratio, S R /S V 
Fiouee 33.— Effect of area ratio (aspect ratio L65-1.88) on yawing moment coeffi- 
cients of rudder on cabin fuselage at 30° pitch. (Angles marked on curves aro 
rudder angles) 

numerical values would have a limited significance in 
dealing with biplanes, and the use of triangular fins or 
vertical surfaces of more or less elliptical plan form 
would most certainly modify the numerical values. 
Data are not available to indicate the extent of the 
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modification. Moreover, it is well known that the slip- 
stream has an important effect on the rudder control. 
It is not believed that the presence of the slipstream 
would modify the conclusions as to the effects of area 
ratio, aspect ratio, and fuselage shape. 

Table DI shows that at 0° pitch, the shape of the 
fuselage has only a small effect on the rudder control. 
The open flat deck fuselage and open round deck fuse- 
lage are not greatly different at any point, but the 




1.4 1.8 

Aspect ratio 

Fiodee 34.— Effect of aspect ratio (area ratio 0.0486-0.0502) on yawing moment 
coefficients of rudders on open round deck fuselage at 0° pitch. (Angles marked 
on curves are rudder angles) 

effectiveness of high aspect-ratio rudders falls off some- 
what more rapidly with increasing angle of pitch on 
the open flat deck fuselage. The effect of aspect ratio 
to sustain the yawing moment at high angles of pitch 
is slightly less for the flat deck than for the round deck 
fuselage. 

The cabin fuselage has a much greater interference 
effect on the rudder moments at high angles of pitch, 
as would be expected. The decrease in rudder mo- 
ment begins at smaller angles and persists with increas- 




es 



i.c 



2.2 



1.4 1.8 
Aspecr ratio 

FjarraE 36.— Effect of aspect ratio (area ratio 0.0486-0.0502) on yawing moment 
coefficients of rudders on open round deck fuselage at 30° pitch. (Angles marked 
on curves are rudder angles) 

ing angle of pitch throughout the range. The values 
at 40° are roughly two-thirds of those for the open 
cockpit fuselages. 

The effect of a change in aspect ratio from 1 to 2 is 
to increase the rudder control (rudder angles not ex- 
ceeding 25°) by some 30 to 45 per cent. For the aver- 
age size rudder such an increase could be produced 
without a change of aspect ratio only by an increase in 
area of some 20 to 35 per cent. Thus the effect of 
aspect ratio appears to be of sufficient magnitude to 
warrant consideration in design. 



CONCLUSION 

The yawing moment produced by a rudder is ap- 
proximately proportional to the angular displacement 
of the rudder for angles less than 25° and the yawing 
moment is larger when the aspect ratio is larger. The 
yawing moment continues to increase with increasing 
rudder angle at approximately the same rate for rud- 
ders of small aspect ratio «1.2), but for rudders of 



.oe 




1.4 1.8 
Aspect ratio 

Fiqtjbe 38.— Effect of aspect ratio (area ratio 0.0486-0.0502) on yawing m o m ent 
coefficients ot rudders on cabin fuselage at 0° pitch. (Angles marked on curves 
are rudder angles) 

large aspect ratio, the rate of increase falls off rapidly 
above rudder angles of 25°. The value of the rudder 
moment for rudders of large aspect ratio is however 
never less than for rudders of the same area and smaller 
aspect ratio. 

The effect of increasing the angle of pitch is greatly 
to decrease the yawing moment at a given rudder angle. 
The decrease is greatest for rudders of large aspect 
ratio, when the rudder angle is less than 25°; but when 




ae 



i.o 



1.4 1.8 
Aspect ratio 

Fiqttoe 37.— Effect of aspect ratio (area ratio 0.0486-0.0502) on yawing moment 
coefficients of rudders on cabin fuselage at 30° pitch. (Angles marked on curves 
are rudder angles) 

the rudder angle is large (44°), the decrease is greatest 
for rudders of small aspect ratio. 

The 'effect of the shape of the fuselage is quite 
noticeable, being especially marked in the case of the 
cabin fuselage. The shielding effects are such for the 
cabin fuselage that the yawing moment due to a given 
rudder setting at an angle of pitch of 40° is about two- 
thirds of that for the open cockpit fuselages. This 
shielding is especially marked with rudders of small 
aspect ratio. 

When the aspect ratio is maintained constant, 
the effectiveness of the rudder is linearly related to 
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the area ratio, but increases somewhat faster than 
in direct proportion. 

The effect of aspect ratio is sufficiently large to be 
considered in design. If rudder angles approaching 
45° are permitted, the effect of increasing the aspect 
ratio is small and may be ignored for practical pur- 
poses unless the rudder is shielded by a large cabin 
fuselage. If, however, the rudder angle is restricted 
to 25° or less, an increase of rudder control of 30 to 
45 per cent may be produced by increasing the aspect 
ratio from 1 to 2. 
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